
Glucosamine Sulfate 
for Osteoarthritis
By Dónal P. O’Mathúna, PhD

OSTEOARTHRITIS IS THE MOST COMMON FORM OF ARTHRITIS AND A

leading cause of disability in the United States and other devel-
oped countries.1 The aging of the world’s population is leading to
increased incidence of the disease, soon expected to account for
30% of doctors’ office visits.2 It is estimated that almost everyone
75 years of age or older is affected by osteoarthritis in at least one
joint. However, only about half of the people who show evidence of
the disease on X-ray report having any symptoms. Most people
develop symptoms as a result of general use and aging, although
some are predisposed genetically to osteoarthritis. In others, the
disease appears years after traumatic injury or surgery because of
incomplete healing at the joint. Osteoarthritis tends to affect women
at an earlier age than men, making it an important area of investiga-
tion for women’s health. 

Background
Medically speaking, osteoarthritis refers to a disease in which

the cartilage inside joints gradually degenerates. This exposes the
bone inside the joint and causes narrowing of the joint-space lead-
ing to stiffness and pain. In the end, the joint may become so immo-
bile and painful that joint replacement surgery is the best alterna-
tive. (See Figures 1 and 2.) Osteoarthritis is only one of a number of
arthritic diseases, resulting in the term arthritis being used com-
monly to refer to any pain and stiffness in the muscles and joints.
For this reason, some who have osteoarthritis refer to it as arthritis.
Technically speaking, arthritis involves inflammation in the joints
and osteoarthritis is a non-inflammatory degenerative disease. It
should be noted that all of the studies to be reviewed here were car-
ried out with older adults diagnosed with osteoarthritis.

At the present time there is no cure for osteoarthritis.3 Manage-
ment of symptoms includes weight control, pain relief, maintaining
and improving the range of movement and stability of the joints, and
limiting the impairment of functional abilities. Frequently, drug 
therapy, including analgesics like acetaminophen and non-steroidal 
anti-inflammatory drugs (NSAIDs), is needed. The newer cyclooxy-
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genase-2 (COX-2) inhibitors are recommended widely
as being safer than older NSAIDs. Although all of these
are important for managing symptoms, they do not treat
the underlying pathology. 

Concerns about the toxicity and side effects of phar-
maceutical drugs have fueled interest in complementary
approaches to managing osteoarthritis symptoms, with
some dietary supplements also claiming to actually treat
the underlying condition.1 Foremost among these are
glucosamine sulfate and chondroitin sulfate. Although
the two sometimes are taken together, this review will
focus on the use of glucosamine sulfate alone. 

Glucosamine occurs naturally in the body as one
component of the cartilage and synovial fluid found
within joints.4 It is formulated as the salt, glucosamine
sulfate, for oral consumption. As a central building
block in the formation of cartilage, it is assumed that
glucosamine supplementation facilitates the production
and regeneration of cartilage.

Clinical Studies
Clinical studies have been conducted on glucosamine

sulfate for osteoarthritis for more than 20 years, primarily

in Europe. It is available with prescription for the treat-
ment of osteoarthritis in many countries in Europe and
elsewhere, but is available as a dietary supplement in the
United States.5 A systematic review and meta-analysis of
studies examining the effectiveness of glucosamine or
chondroitin for treating osteoarthritis was published in
2000.6 This review identified six double-blind, random-
ized, controlled trials (RCTs) in which glucosamine sul-
fate was administered for at least four weeks. The trials
were conducted between 1980 and 1997 and all evaluat-
ed knee osteoarthritis symptoms. The analysis revealed
moderate-to-large benefits from taking glucosamine sul-
fate. However, all of the trials were of relatively short
duration and had methodological limitations that are
known to exaggerate beneficial effects.

Since that review was published, two long-term,
high-quality studies that examined the impact of glu-
cosamine on symptoms and also on disease progression
have been published. In the first, 212 subjects with knee
osteoarthritis were assigned randomly to receive either
1,500 mg glucosamine sulfate daily or placebo for three
years.5 Symptoms were assessed using the Western
Ontario and McMaster Universities (WOMAC)
osteoarthritis index. This showed statistically significant
improvement in symptoms between baseline and end of
study for those taking glucosamine while those taking
placebo worsened. The final difference between the two
groups was highly significant (P = 0.016). Subjects were
permitted to use analgesics or NSAIDs if required for
pain and most did, on an average of once a week. There
were no differences between the two groups in rescue
drug usage. 

To examine disease progression, X-ray studies
were performed on all subjects’ knees at baseline and
after one and three years. Narrowing of the space
within the joint is an accepted measure of the degree
of osteoarthritis disease progression and was meas-
ured two ways using validated methods. One was a
computer-generated measurement of mean joint-
space width and the other required visual inspection
of the X-rays and measurement of the narrowest
space within the joint. Both measures showed no
average joint-space loss for those taking glucosamine
sulfate, while those taking placebo showed statisti-
cally significant narrowing (annual average of 0.1
mm). However, those with the severest joint-space
narrowing at baseline responded similarly to either
glucosamine sulfate or placebo, while those with the
mildest baseline osteoarthritis showed much more
narrowing with placebo (14.9%) compared to glu-
cosamine (6.0%).7

In terms of adverse effects, there were no significant
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differences between the frequency or types of adverse
events experienced by those taking glucosamine sulfate
or placebo. Routine lab tests revealed no metabolic ab-
normalities, including no changes in glycemic homeo-
stasis, which has been proposed as a potential problem
from taking such large doses of glucosamine.

The second of the long-term X-ray studies had a very
similar design with 202 patients with mild-to-moderate
knee osteoarthritis randomized to receive either placebo
or 1,500 mg glucosamine sulfate once daily.4 The same
European prescription-grade glucosamine sulfate prod-
uct was used. The minimum joint-space was measured
visually on X-rays by blinded radiographers. After three
years, those taking placebo had significant joint-space
narrowing (average 0.19 mm) while those taking glu-
cosamine sulfate had no change. The difference between
the two groups was statistically significant (P = 0.001).
Symptoms improved in both groups according to the
WOMAC and Lequesne indices. However, the changes
were significantly better with glucosamine sulfate, with
subjects reporting an average 20-25% improvement
from baseline. No differences were reported in adverse
events between the two groups.

Of particular interest to women’s health is an analysis

of how women fared in the two previous studies.8 Of the
414 participants in the two trials, 319 were post-
menopausal women. In the X-ray analyses, women tak-
ing placebo experienced a mean joint-space narrowing
of 0.33 mm while those taking glucosamine sulfate had
no change. In the WOMAC symptom scores, those tak-
ing placebo deteriorated by 5.4% while those taking glu-
cosamine sulfate improved by 14%. The results demon-
strated that glucosamine sulfate is beneficial in post-
menopausal women, the population most frequently
affected by knee osteoarthritis.

A more recent meta-analysis has been published incor-
porating only the highest-quality trials, including the two
studies involving X-ray analyses.9 The results confirmed
that glucosamine sulfate has a structure-modifying effect
on knee osteoarthritis and that it is tolerated well. 

Adverse Effects
Concerns have been raised that glucosamine might

interfere with glycemic control in diabetic patients
since animal models have demonstrated such effects. In
a double-blind RCT, 34 Type 2 diabetes patients
received either placebo or 1,500 mg glucosamine 
sulfate and 1,200 mg chondroitin sulfate.10 After 90
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Figure 1
A healthy joint

In a healthy joint, the ends of bones are encased in smooth carti-

lage. Together, they are protected by a joint capsule lined with a

synovial membrane that produces synovial fluid. The capsule

and fluid protect the cartilage, muscles, and connective tissues.

Source: National Institutes of Health. Handout on Health: Osteoarthri-

tis. Available at: www.niams.nih.gov/hi/topics/arthritis/oahandout.htm.

Accessed May 7, 2004. 

Figure 2
A joint with osteoarthritis

With osteoarthritis, the cartilage becomes worn away. Spurs

grow out from the edge of the bone, and synovial fluid increas-

es. Altogether, the joint feels stiff and sore.

Source: National Institutes of Health. Handout on Health: Osteoarthritis.

Available at: www.niams.nih.gov/hi/topics/arthritis/oahandout.htm.

Accessed May 7, 2004. 
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days, no changes occurred in glycemic control as meas-
ured by HbA1c levels. 

Concerns also have been raised about allergic reac-
tions since glucosamine sulfate is obtained from chitin,
extracted from marine exoskeletons. Therefore, in those
with seafood allergies, it should be tried carefully, if at
all, depending on the severity of the allergy.3

Conclusion
Overall, glucosamine sulfate has demonstrated itself

to be the first structure-modifying treatment for knee
osteoarthritis. Studies in other joints are still needed, and
also examination of the very long-term outcomes in
terms of need for joint replacement or avoidance of
debilitating disability. Glucosamine sulfate also appears
to be of more benefit with mild osteoarthritis rather than
the more severe stages. Studies still need to be conduct-
ed on whether it has a role in preventing osteoarthritis.

Although the results to date are positive, it should be
noted that the same European prescription-grade product
was used in the two X-ray trials (Dona, Viatril-S, or Xicil;
Rotta Pharmaceuticals). Glucosamine sulfate is classified
as a dietary supplement in the United States and therefore
may vary in quality. In addition, although glucosamine
sulfate is very well-tolerated, in the two most recent trials,
subjects still needed rescue medication for severe bouts of
pain. As with any treatment, glucosamine sulfate should
not be touted as something that will eliminate all symp-
toms. Control of weight, exercise, and other symptom-
relieving strategies still play an important role in the over-
all management of osteoarthritis.   ❖
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What to Do About
Osteoarthritis: Pain 
That Can Bring a Strong
Woman to Her Knees!

Source: Wegener T, Lupke NP. Treatment of patients with arthrosis
of hip or knee with an aqueous extract of devil’s claw (Harpagophy-
tum procumbens DC.). Phytother Res 2003;17:1165-1172.

Abstract: Preparations made from the secondary tubers of
Devil’s claw (Harpagophytum procumbens) are used success-
fully in patients with rheumatic diseases (arthrosis and back
pain). In order to add data on the efficacy and long-term safety
of an aqueous extract (Doloteffin; 2,400 mg extract daily, cor-
responding to 50 mg harpagoside), which has been tested suc-
cessfully in patients with low-back pain, an uncontrolled mul-
ticentre drug surveillance study for about 12 weeks was con-
ducted in 75 patients with arthrosis of the hip or knee. To stan-
dardize the assessment of treatment effects, the Western
Ontario and McMaster Universities (WOMAC) osteoarthritis
index (10-point scale) as well as the 10 cm visual analogue
scale (VAS) pain scale were used. The results of the study
revealed a strong reduction of pain and the symptoms of
osteoarthritis. There was a relevant improvement of each
WOMAC subscale as well as of the total WOMAC index:
23.8% for the pain subscale, 22.2% for the stiffness subscale,
and 23.1% for the physical function subscale. The WOMAC
total score was reduced by 22.9%. VAS pain scores were
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decreased by 25.8% for actual pain, 25.2% for average pain,
22.6% for worst pain, and 24.5% for the total pain score. The
physicians reported a continuous improvement in typical clini-
cal findings such as 45.5% for pain on palpation, 35% for limi-
tation of mobility, and 25.4% for joint crepitus. Only two cases
of possible adverse drug reactions (dyspeptic complaints and a
sensation of fullness) were reported. Although this was an
open clinical study, the results suggest that this Devil’s claw
extract has a clinically beneficial effect in the treatment of
arthrosis of the hip or knee.

Source: Walker AF, et al. Bromelain reduces mild acute knee pain
and improves well-being in a dose-dependent fashion in an open
study of otherwise healthy adults. Phytomedicine 2002;9:681-686. 

Abstract: There is preliminary clinical evidence to support
the contention that the anti-inflammatory and analgesic prop-
erties of bromelain help to reduce symptoms of osteoarthritis
and rheumatoid arthritis. However, there have been no con-
trolled studies of its effects on joint health in healthy subjects
who lack such diagnosis. The current study investigated the
effects of bromelain on mild acute knee pain of less than three
months’ duration in otherwise healthy adults. The study was
an open, dose-ranging postal study in volunteers who had
been recruited through newspaper and magazine articles. Two
validated questionnaires (WOMAC knee health index and the
Psychological Well-Being Index) were completed at baseline
and after one month’s intervention with bromelain, randomly
allocated to volunteers at either 200 mg or 400 mg per day.
Seventy-seven subjects completed the study. In both treat-
ment groups, all WOMAC symptom dimension scores were
significantly reduced compared with baseline, with reductions
in the final battery (total symptom score) of 41% and 59% 
(P = 0.0001 and P < 0.0001) in the low- and high-dose groups,
respectively. In addition, improvements in total symptom
score (P = 0.036) and the stiffness (P = 0.026) and physical
function (P = 0.021) dimensions were significantly greater in
the high-dose compared with the low-dose group. Compared
to baseline, overall psychological well-being was significantly
improved in both groups after treatment (P = 0.015 and 
P = 0.0003 in the low- and high-dose groups, respectively),
and again, a significant dose-response relationship was
observed. The authors conclude that bromelain may be effec-
tive in ameliorating physical symptoms and improving gener-
al well-being in otherwise healthy adults suffering from mild
knee pain in a dose-dependent manner. Double-blind, place-
bo-controlled studies are warranted to confirm these results.

■■ COMMENTS BY MARY L. HARDY, MD

OSTEOARTHRITIS (OA), INFLAMMATION OF JOINTS DUE

to focal loss of articular cartilage, affects almost
70 million Americans and is a major cause of impaired
mobility in women.1,2 Although the incidence of arthri-
tis is common in both genders and increases with age,

after age 55 twice as many women as men report
symptoms of OA.2 This disease, often thought to be
“just a natural part of aging,” is irreversible and
accounts for more than 70 million physician visits each
year. Given the aging of the baby boomers, it should be
no surprise that OA is predicted to be the fourth lead-
ing cause of disability by the year 2020.3 Pain, loss of
function, and decreased activity are the main com-
plaints of OA sufferers. Indirect morbidity related to
OA could include the incidence of side effects of med-
ications used to treat OA (i.e., gastrointestinal bleed-
ing) and the inability to modify risk of other diseases,
such as osteoporosis and heart disease, by limiting
ability to exercise.

Complementary and alternative medicine (CAM)
often is used to relieve chronic conditions such as OA.
Approximately 22-40% of current arthritis sufferers
reported using CAM for their condition.4,5,6 Women
and patients with higher levels of pain were more like-
ly to use CAM therapies. Most commonly used thera-
pies included vitamins, supplements, and herbs.4 Any
therapy that could provide symptomatic relief from OA
pain and would not include the risks associated with
non-steroidal medications would be of interest to OA
patients and their providers. This month’s review will
look at two studies of herbal therapies for OA.

The first study examines the efficacy of the herb
Devil’s claw (DC), Harpagophytum procumbens, in
the treatment of arthritis in patients who have also had
low-back pain.7 DC is a traditional South African rem-
edy that has been approved by the German Commis-
sion E for arthritis pain. Seventy-five patients (68%
female) with hip or knee OA were enrolled in an obser-
vational study. Patients were given 2,400 mg of a DC
extract standardized to 50 mg harpagoside for 12
weeks. Both the patients and their physicians were sur-
veyed regarding the outcomes of therapy and all
adverse events were recorded. A number of standard-
ized outcomes measures were used to assess the
patient’s perception of the efficacy of treatment includ-
ing Western Ontario and McMaster Universities
(WOMAC) scale and a 10 cm visual analogue scale
(VAS) for pain. After treatment, significant decreases
were recorded in the overall WOMAC scale (22.9%),
as well as for specific subscales (24% pain, 22% stiff-
ness, 23% physical function) as compared to baseline.
The VAS scale also showed a similar decrease in
patient-reported pain (26% actual pain and 25% aver-
age pain). The physicians noted improvement in the
physical exam of patients using DC, with 45% noting
less pain on palpation, 35% less limitation in mobility,
and 25% less joint crepitus. The treatment was well-
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tolerated with only two minor adverse gastrointestinal
events reported.

The main limitation of this study is its design. Open
label studies provide good information about adverse
events, but the efficacy of treatments may be exagger-
ated as none of the participants are blinded. However,
these moderate effects are achieved in a relatively short
trial and are accompanied by some improvement in
physical signs as well as symptoms. Given the apparent
safety of this product, a therapeutic trial with DC
would be reasonable for OA patients who either did not
want to use or could not tolerate conventional therapy. 

Our second study concerns the use of bromelain, an
enzyme isolated from pineapple.8 Again, in an open-
label design, 70 patients with acute knee pain (71%
female) were randomly assigned to be given either
low-dose (200 mg/d) or high-dose (400 mg/d) brome-
lain for 30 days. The bromelain used was supplied by
Lichtwer Pharma, but otherwise was not characterized.
Outcomes were measured by using the WOMAC scale
and the Psychological General Well-Being Index
(PGWB), both patient-reported scales. There was no
assessment made by providers in this study. Results
suggested that bromelain could provide symptomatic
relief for knee pain. The WOMAC score decreased sig-
nificantly in both groups, although the high-dose group
showed a better response (41% vs. 59%). Likewise,
scores for all three WOMAC subscales (pain, stiffness,
physical function) were better in the high-dose group
as compared to the low-dose group. Results on the
PGWB scale paralleled the results of the WOMAC.
Both groups significantly improved their scores over
baseline, but the high-dose group did much better than
the low-dose group (P = 0.01 vs. P = 0.0003), respec-
tively. Only minor adverse events, such as headache,
flatulence, nausea, fatigue, and minor skin rash, were
reported in a minority of patients.

This study is limited by its design. The observation-
al design does not control for observer bias in reporting
efficacy and therefore may exaggerate the benefits of
treatment. In addition, this trial had about a 25%
dropout rate, suggesting that a number of non-respon-
ders quit the trial early and therefore were not included
in the analysis. There may be some limitations
imposed by patient selection as well. Patients had
acute, not chronic, knee pain; thus, these results may
not fully predict response in OA sufferers. Despite
these limitations, a useful clinical effect is suspected
because of the dose-response relationship observed in
this trial (i.e., the patients with a greater dose of med-
ication reported a greater effect). The markedly posi-
tive results on psychological well-being were especial-

ly intriguing. 
Clinically, how can we use these studies to guide our

patients? For chronic conditions such as OA, which
limit function and impair well-being, all well-tolerated
therapies should be considered for patients. Along with
more well-known products, such as glucosamine and
chondroitin, practitioners could consider recommend-
ing DC and perhaps bromelain. For acute pain, brome-
lain especially should be considered. Both of these
products are becoming more available in the U.S. mar-
ket, and reputable suppliers have made standardized
supplements that should be in local stores. Caution
patients to look out for the minor side effects as noted
in both groups, and if they decide to try these products,
a 12-week trial is recommended at the doses men-
tioned in the studies.   ❖
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CE Objectives
After reading Alternative Therapies in Women’s

Health, the health care professional will be able to:

1. evaluate alternative medicine and complemen-
tary therapies for women’s health concerns; 

2. identify risks and interactions associated with
alternative therapies; 

3. discuss alternative medicine options with
patients; and 

4. offer guidance to patients based on the latest
science and clinical studies regarding alternative
and complementary therapies.

CE/CME Instructions
Physicians and nurses participate in this continu-

ing medical education/continuing education pro-
gram by reading the article, using the provided ref-
erences for further research, and studying the ques-
tions at the end of the article. Participants should
select what they believe to be the correct answers,
then refer to the list of correct answers to test their
knowledge. To clarify confusion surrounding any
questions answered incorrectly, please consult the
source material. 

After completing this activity, you must complete
the evaluation form provided and return it in the
reply envelope provided at the end of the semester
to receive a certificate of completion. When your
evaluation is received, a certificate will be mailed 
to you.

Answers:23. c, 24. a, 25. d, 26. a

CE/CME Questions

23. Claims that glucosamine sulfate supplementation
retards the progression of knee osteoarthritis are 
supported by: 

a. anecdotal evidence alone.

b. numerous high-quality controlled studies.

c. at least two high-quality X-ray studies.

d. no studies.

24. Osteoarthritis is a degenerative disease involving 
primarily:

a. cartilage in joints.

b. weight-bearing bones.

c. ligaments.

d. fingers.

25. Evidence supports the inclusion of which of the fol-
lowing strategies in the management of osteoarthritis
symptoms?

a. Analgesics 

b. Weight-loss and exercise management

c. Glucosamine sulfate supplementation

d. All of the above

26. A recent trial of Devil’s claw in patients with hip or
knee osteoarthritis found the herb to be well-tolerated
and demonstrated improvement in pain, stiffness, and
physical function.

a. True

b. False

News Briefs

Study Examines Interactions Between 
Drugs and Dietary Supplements

Researchers at the University of Pittsburgh in Penn-
sylvania have found that patients who take prescription
drugs along with herbal supplements have few adverse
reactions. Results of their study were published in the
March 22 issue of the Archives of Internal Medicine. 

The Pittsburgh researchers had sought to explore
both the incidence and severity of potential interac-

tions between prescription medications and dietary
supplements and found that most of the interactions—
approximately 94% of the patient population studied—
were not serious, based on limited available evidence. 

Although the study gives encouraging news to
patients taking prescription medications along with
dietary supplements, “limited information on drug-
dietary interactions exists, and health care providers
should continue to inquire about dietary supplement
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use and consider the potential for interactions, regard-
less of their severity,” says Lauren E. Trilli, PharmD,
BCPS, assistant professor, department of pharmacy
and therapeutics, University of Pittsburgh School of
Pharmacy and a clinical pharmacy specialist at the
Pittsburgh VA Healthcare System.

The researchers surveyed 458 outpatients visiting
general medicine clinics at two Veterans Affairs (VA)
Medical Centers located in Los Angeles and Pitts-
burgh. Because herbal supplements are used more fre-
quently in the western half of the United States, the
researchers sought to sample one VA health care sys-
tem on the West Coast and compare results with a VA
health care system on the East Coast. 

The survey participants were asked whether they
have ever taken in the past, or were currently taking the
following dietary supplements: chondroitin, coenzyme
Q

10
, DHEA, echinacea, garlic, Gingko biloba, ginseng,

glucosamine, melatonin, saw palmetto, St. John’s wort,
vitamin, or other. 

The researchers cross-referenced self-reported use
of dietary supplements with prescription of medica-
tions by VA health care providers, and potential inter-
actions were identified from various sources and med-
ical searches. All 458 patients surveyed were pre-
scribed prescription medications, with an average of
seven oral prescriptions per patient in Pittsburgh and
six oral prescriptions per patient in Los Angeles. Of
these patients, 197 or 43% were taking at least one
dietary supplement, and the average consumption was
three dietary supplements per day. 

Pharmacies and grocery stores were the most com-
mon places of purchase of dietary supplements. A
monthly expenditure of less than $25 on supplements
was reported by 83% of the patients surveyed from
Pittsburgh and 72% of the patients surveyed from Los
Angeles. The most common reported sources of infor-
mation regarding dietary supplements were friends or
relatives and books or magazines. 

Among the patients taking supplements, 48% of the
Pittsburgh patients and 43% of the Los Angeles
patients had potential drug-dietary supplement interac-

tions of any significance. Most patients had one or two
possible drug-dietary supplement interactions, with
seven patients in Pittsburgh and 12 in Los Angeles hav-
ing more than three potential drug-dietary supplement
interactions. Most of the potential interactions found
were with ginseng, garlic, Gingko biloba, and coen-
zyme Q

10
. 

FDA Announces Qualified 
Health Claim for Walnuts

The U.S. Food and Drug Administration (FDA) has
announced that a qualified health claim soon will
appear on product labels for walnuts and the reduced
risk of coronary heart disease. This qualified health
claim is part of the FDA’s program to provide Ameri-
cans with better information to help them make health-
ier dietary choices. 

Part of the criteria for making a qualified claim on a
conventional food is to provide credible scientific evi-
dence supporting the claim. Based on its evaluation of
the available scientific data, as outlined in FDA’s Inter-
im Procedures for Qualified Health Claims in the
Labeling of Conventional Human Food and Human
Dietary Supplements, the FDA moved forward to allow
a qualified health claim for whole and chopped wal-
nuts. The FDA’s review concluded that supportive
research shows that walnuts may reduce the risk of
coronary heart disease when consumed as part of a
low-saturated fat and low-cholesterol diet and not
resulting in increased caloric intake. Although this
research is not conclusive, FDA believes that con-
sumers will benefit from having information that may
help them improve their dietary health. 

As a result, consumers will soon see claims on wal-
nuts stating: “Supportive but not conclusive research
shows that eating 1.5 oz of walnuts per day, as part of a
low-saturated fat and low-cholesterol diet, and not
resulting in increased caloric intake may reduce the
risk of coronary heart disease. See nutrition informa-
tion for fat [and calorie] content.”

To view the qualified health claim, go to
www.cfsan.fda.gov/~dms/qhcnuts3.html.   ❖
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